Some years ago we reviewed the status of the insect juvenile hormone (JH) and its isolation.1 Since then two noteworthy contributions toward purification of the hormone have appeared.2' In all these purification attempts adult male Cecropia silk moths4 proved to be an invaluable source material. The first nearly pure hormone preparation was isolated in 1965.1 We obtained it from Cecropia oil (second batch) and characterized it by means of a gas-liquid chromatographic (GLC) analysis in conjunction with an ultrasensitive argon ionization systemA The hormonal activity was located exclusively in the two major peaks B and E. Both these substances had a specific activity of the same magnitude as the original preparation. They were retained on neopentyl glycol adipate (NGA) columns at ratios of 1.60 and 1.29 relative to methyl stearate. Only one contamination, peak H, was apparent, which amounted to less than 10 per cent of the total peak area. Thus our 3 X 105-fold enriched preparation was at least 90 per cent pure.
w-ere: (I) molecular distillation at -1 mTorr and 1000C; (II) separation from acidic products formed; (III) leaching with cold aqueous methanol; (IV) SiO2 chromatography; and (V) A1203 chromatography. One modification had been made in step IV in which an improved silica gel system was substituted for the zinc carbonate sy-stem6 previously used. This resulted in eliminating compound H. In the Galleria N-lX test, fractions of the final preparation again exhibited a potrency of some 3 X 105 JH units per milligram (Table 1) .
Our GLC unit wsas perfected by construction of a metal-free injector and a glass effluent splitter. As a result, the hormone preparation could be processed through the system without contacting any metal. From then on, much simplified chromatograms have been recorded (Fig. 1) . The GLC analysis of the biologically most active fractions of the pure preparation revealed that they were composed of only two substances: compounds B and E ( combined fractions 15-17 from purification step V were submitted to a slparation by preparative GLC, about 65 ,ug of compound E and 185 ,ug of compound B were collected. On rechromatography of samples of these effluents oil the analytical column, the retention times of these compounds were unchanged (Fig. 1) . All the subsidiary peaks were now absent; plainly they were conversion products of thermal metal catalysis.
Establishing the Hornronal Nature of the Active Compounds. Prior evidence1 did not permit us to decide whether the two active compounds represented true hormone molecules or conversion products of a single hormone. After all, the appearance of a symmetrical peak does not assure a priori that a substance, whose structure is unknown, may not have beei modified by a rapid, thermally aided reaction (e.g., see below, compound IJIb). However, the following new data allow us to conclude that both active substances are indeed juvenile hormones. TI ME minutes FIG. 1.-Tracings of three analytical gas chromatograms of juvenile hormone fractions after purification step V. Dry sample introduced by a specially designed metal-free injector directly onto packed glass columns (0.3 X 180 cm). Argon carridr flow of 60 ml/min entered a small argon detector5 through the anode; Ebb = 1020 V, Ib = 15.5 nA, I. = 5.4 nA. Chromatograms: 72 ng of fraction 13 on Gas-Chrom Q coated with 3% neutral Carbowax 1500; tR of methyl stearate 7.25 min. 81 ng of fraction 14 on Gas-Chrom P coated with 1% polyvinylpyrrolidon and then with 8% NGA;' tR of methyl stearate 26.85 min. Rechromatography of some 44 ng of compound E on the above Carbowax column; the combined fractions 15/17 had been processed first through a Carbowax 4000 column and peaks E and B individually collected
The recognition of two juvenile hormones in Cecropia oil was presaged by an earlier observation. When a highly purified juvenile hormone preparation of a first batch of oil (1.60 mg with an activity of 4.5 X 104 JH units per milligram) was subjected to a 300-transfer countercurrent distribution, the higher activity of the most polar segment of the band comprising the hormone indicated the presence of a second, slightly more polar compound.7 At that time we drew the tentative conclusion that "if the juvenile hormone should not be a single compound, a possible active companion substance would have very similar physicochemical properties." The B-to-E ratio of this preparation can be appraised from the abundance of the relevant molecular ions in the mass spectrum and was estimated to be minimally 4: 1.
Some Chemical Properties.-Williams and Law2 have commented on the remarkable resistance of juvenile hormone toward alkaline saponification. We also noted this resistance when hormone preparations were exposed at room temperature to 1 or 2 N ethanolic alkaline potassium hydroxide, but occasionally the preparations behaved erratically; therefore, a saponification step was not incorporated into our purification sequence. The hormones are very sensitive toward acidity; under slightly acidic conditions the main conversion product of compound B has been identified as compound A. Furthermore, the importance of the quality of solvents used in handling minute quantities of juvenile hormone cannot be overemphasized. Even small residues of insufficiently purified solvents react at 10'C with the hormones to form as yet unknown products. These interactions, which until recently were more of an impervious affliction than a quantitatively assessable occurrence, caused us a lot of difficulties and may have been a source of trouble in aborted biosynthetic studies in various laboratories.
Spectronietric Evidence.-In the spring of 1967 we had just begun the structural elucidation of the biologically active compounds of the third batch when an announcement by Roller et al. was published8 in which the juvenile hormone from Cecropia oil was reported to be a methyl 10,11-epoxy-7-ethyl-3,11-dimethyl-2,6-tridecadienoate. The identification was carried out with less than 300 ,ug of material and provides a fine example of what can be achieved with the help of modern methodology, especially when dealing with thermostable compounds. A second juvenile hormone was not noticed by this group of researchers. Although the structural deductions presented in their preliminary publication were not complete, the proposed constitution seemed reasonable to us, especially because the reported values of the mass spectrum corresponded to those we had obtained from a highly purified preparation of the first batch of Cecropia oil (see above). Regrettably, this hormone sample had been contaminated with butyl phthalate and other solvent residues of lower molecular weight, undoubtedly stemming from the various solvents used in that particular purification sequence (unpublished data). The hormone structure as proposed was remarkable in more than one way: (1) The molecule has a carbon skeleton that is novel among natural products. It differs from sesquiterpenoids in having two extra carbon atoms which lengthen the methyl groups attached to the branching points at C-7 and C-il to ethyl groups. (2) The apparent ease with which the epoxy function was eliminated by catalytic hydrogenolysis8 was surprising. (3) Hormones with an epoxy group are known only among the gibberellins, and the presence of the group in this series of plant hormones modifies their effects on particular tissues.9
With these considerations in mind, we decided to proceed with our structural investigation of compound B (III) and compound E(IJ) and to include in our spectroscopic comparisons methyl 10,11-epoxy-2,6-trans,trans-farnesate (I), a known compound and a lower homologue of the proposed structure of juvenile hormone. The latter (I) had been first synthesized by van Mass, PIMR, and infrared (IR) spectra of compound E (II) are presented in Figures 2-4 . Space limitations do not permit a discussion of the spectra at this time, except to say that all the data are consistent with the conclusion that II is the 12-homo analogue of I as well as the 14-nor analogue of III. Key spectral data, including their assignments, are summarized in Table 2 .
Hydrogenation Experiment.-An ethanolic solution of compound B containing 7 per cent of compound E (57 jg of fraction 14 in 0.3 ml) was hydrogenated at room temperature over a 1 per cent palladium catalyst deposited on calcium carbonate (5 mg). Three reaction products (Illa, IIIb, and IIa) were detected upon GLC analysis at 1600C on the Carbowax 1500 column specified in the legend to Figure 1 , and their retentions relative to compound B (RB) provided a preliminary characterization. The compounds were then isolated by a GLC separation and the collected effluents analyzed by high-resolution mass spectrometry. The main product (78%) with RB 0.54 has been identified by its molecular ion as a tetrahydro derivative of compound B (IIIa). The fragments formed upon cleavage of the C-8,9 bond have a composition C12H2302+ and C12H2202t which suggests that both double bonds have been reduced, but not the epoxide ring.
Moreover, the absence of any C9 or C1oHmO2+ ions demonstrates that an ethyl side chain is attached at C-7. The mass spectral data at hand do not allow uA to decide whether or not the epoxide ring has been rearranged to a C-10 ketohe. The more polar compound with RB 0.98 appears to be a hexahydro derivative of compound B (IlIb). Its retention ratio is drastically reduced (RB 0.76) when the GLC is carried out at 1770C; this indicates that at the higher temperature the compound has suffered thermal dehydration. Likewise, in the mass spectrum there is no sign of the molecular ion, but the elemental composition of IlIb can be deduced from its (I-H20) + ion. The relatively abundant fragment ion C14H2802t strongly suggests that the less substituted bond of the oxirane ring has been hydrogenolyzed14 to yield 16 per cent of the tertiary alcohol. Finally a small amount (6 %) of a more volatile substance with RB 0.42 or RE 0.51 has th3 structure of a tetrahydro derivative of compound E (Ha). Hence, under our experimental conditions, hydrogenolytic elimination of the epoxide has not occurred. This is inl marked contrast to the previously reported observation that the desoxyhexahydro derivative has been the main hydrogenation product of III , hen palladium black was the catalyst. 8 The unusual proportions of reactants in hydrogenations on a microscale may have contributed to this uncommon result, .,,e1. 
